In this study, the potential of solar energy for use in rural households of Kenya has been investigated. The main objective was to determine the viability of the solar energy resource as an alternative energy source that would alleviate or minimize the myriad of environmental and health problems associated with biomass based fuels predominantly used in the households. The stochastic behavior of sunny and cloudy spells has been modeled using the theory of runs, Poisson probability density function of occurrence of the spells and the geometric distribution of the length of the spells. A major application of the spells analysis is in the prediction of extended sunny and cloudy durations, which forms a basis for planning the solar energy use strategies. Results have indicated that the potential is quite promising and that substantial wood fuel savings and CO 2 reductions are envisaged. These translated to environmental conservation and reduced risks of exposures to health hazards associated with wood fuel use.
the country. About 87% of the country's domestic energy demand is met by biomass, in particular wood fuel and agricultural/animal wastes. Wood fuel, however, provides 90% and 85% of rural and urban households' energy requirement respectively [2] . Demand for wood fuel has led to substantial deforestation and land degradation [3] . Further, biomass cooking on traditional stoves is a major source of concentrated air pollutants including respirable particulate matter, carbon monoxide, nitrogen oxides, benzene, formaldehyde and aromatics. In many African countries, these have been linked to respiratory and pulmonary disorders including lung cancer, pneumonia, complications associated with pregnancy and other serious burns as well as eye infection [4] [5] . Abundance of indoor pests such as flies, termites, mosquitoes and rodents in rural homes is also related to the collection, storage and combustion of wood fuel as well as waste disposal. These pests may be vectors of human and other animals diseases.
It is, therefore, apparent that the health, deforestation and environmental degradation risks associated with biomass energy based cooking are becoming increasingly clear. This necessitates the search for efficient and appropriate technologies utilizing renewable sources of energy to reduce the demand on the fast depleting wood fuel resource and restore the ecological balance. Solar energy promises to be the fuel for tomorrow because of its multifaceted advantages.
There are no emissions of gaseous pollutants or solid waste deposits from decentralised small units like solar cookers, solar water heaters and photovoltaics. Solar cookers are also labour saving, health saving and sometimes life-saving. This paper, therefore, investigates the potential of solar energy for use in rural households of Kenya. One of the key issues in any solar energy utilization is the duration (in days) of continuous solar energy availability in any given season.
The stochastic behaviour of sunny spells (periods of continuous solar energy availability) and cloudy spells (periods of continuous solar energy deficits) is modelled using the theory of runs, Poisson probability density function of occurrence of the spells and the Geometric distribution of the length of the spells.
A major application of the spells analysis is in the prediction of extended sunny and cloudy durations which forms a basis for planning the solar energy use strategies. The spells also form a basis for evaluating wood fuel savings and hence environmental conservation as well as health hazards reduction in rural homes of the country.
Justification of This Study
Spatial and Temporal characteristics of global solar radiation have been examined in Kenya [6] [7] . By applying relatively simple techniques, these researchers have presented mean monthly values of global radiation which have revealed that north-western Kenya has the highest solar energy potential. The area maintains high radiation values throughout the year even during the month of July, a month with the largest values of cloud cover and lowest radiation values over many parts of the country.
However, the practical use of any solar energy system will require knowledge of the expected number of hours (duration) of continuous solar energy availability in any given day and season. This forms the fundamental basis of this study.
Objective of This Study
The main objective of this study was to determine the viability of the solar energy resource as an alternative energy source that would alleviate or minimize the environmental and health problems associated with the use of biomass based fuels in rural households of Kenya. Specific objectives were:
1. To determine the stochastic characteristics of sunny and cloudy spells for the four standard seasons experienced in the country. The rainiest months are April and May, while in January to February the rainfall is minimal. Total annual rainfall averages 1072.7 mm. The annual mean temperature is 26.3˚C. Nyeri station (0.40˚S and 36.97˚E) on the other hand is located within the highland areas of the country. The area experiences equatorial rainfall due to its location within the equatorial highland zone of Kenya. The long rains occur from March to May while the short rains come in October to December, but occasionally this pattern is disrupted by abrupt and adverse changes in climatic conditions. The annual rainfall ranges between 500 mm -1600 mm depending on the season. Monthly mean temperatures in this area range from 12.8˚C -20.8˚C.
The global radiation dataset for these three locations was obtained from the Kenya Meteorological Department Headquarters in Nairobi.
Methodology
Cloudiness is one of the major Meteorological parameters controlling radiation received at the surface. For purposes of this study, therefore, a day has been defined as being either cloudy or sunny based on the total radiation received and The significance of the correlation coefficient was tested by a Student's t-test.
Model Formulation
Let a sunny day be designated as "s" and a cloudy day as "c". The conditional probability of any day being sunny given the previous day was also sunny is designated as p(s/s) and the same connotation may be applied to a cloudy day followed by the previous cloudy day i.e. p(c/c). For a random process, the conditional probability p(s/s) equals the simple probability of any day being sunny, p(s). The probability density function (pdf) of occurrences of sunny spells may be regarded as following the Poisson distribution [10] while the distribution of the length of a run can be regarded as following the geometric pdf [11] . The mathematical expressions for these processes under Markovian dependence can therefore be written as follows:
where n is the sample size.
The longest period of sunny spells can be deduced by applying the theorem of extremes of random numbers [12] . Using this theorem, the relationship for L sm in terms of probabilities can be written as:
Sen [13] has derived the following relationships for the expected values of N s and L s denoted by E(N s ) and E(L s ) respectively for Markovian runs:
.
The mathematical simplification of Equation (3) involving Equations (1) and (2) leads to the following:
since: ( ) ( ) ( )
Hence:
The expected value of the longest duration E(L sm ) can be obtained from the relationship:
In the context of Equations (1) through (10), the following need mentioning: 1) That for an independent or random process, the relationships remain the same except pp is replaced by p.
2) That for a cloudy day, the relationships remain the same except p is replaced by q, pp by qq, N s by N c and L sm by L cm
Data Analysis
In order to implement Equations (1)- (10), values of p, pp, q andare required.
These were approximated by estimates of relative frequencies of the data sets for 
Quantification of the Likely Environmental Benefits
Using this classical Chemical equation: CH 2 + 3/2O 2 → CO 2 + H 2 O, the following sequence illustrates how the benefits were computed: 1) Assume a typical family's firewood consumption is X Kilograms per day.
2) X Kilograms of firewood when burnt would generate Y Kilograms of CO 2 .
3) 1 Kilogram of firewood when burnt would therefore, generate Y/X Kilograms of CO 2 .
4) In a season of Z days, a typical family consumes ZX Kilograms of firewood
which translate to Z Y Kilograms of CO 2 pollution.
5) Assuming a sunny spell of L days and that solar energy will be the only alternative source of energy for the firewood, then the percentage firewood saving will be (L/Z) * 100. Similarly the percentage of CO 2 reduction will be (L/Z) * 100.
Results and Discussions

Model Simulation Results
Applying the Student's T-test, a significant correlation coefficient assumes a value of at least 0.21 at 5% level of significance for each of the four standard seasons ,each of which is three months length (n ≈ 90 days). Results obtained are tabulated in Table 1 .
From the table, it is evident that at 5% level of significance, occurrence of sunny and cloudy days can be regarded as following a Markov process because in more than 50% cases, the computed value of the correlation coefficient exceeded the critical value.
The levels of persistence in the spells in Lodwar and Mombasa were found strongly Markov whereas in Nyeri, they tended to be random in 50% cases during the June-August season. The correlation coefficient does not seem powerful enough to dictate whether one should proceed with Markov or random modelling for Nyeri for this particular season. To clarify the anomaly, the Cumulative Distribution Function (CDF) of the sunny and cloudy spells was predicted using
Equations (1)- (10) Table 2 .
From Table 2 , it is evident that the statistics are season and region dependent. use, all these parameters need to be taken into account. 
Quantified Likely Environmental Benefits
We start with the fact that a typical family's firewood consumption is 4 tonnes per year which translates to about 11kg per day [14] . By using the sunny spell lengths tabulated in Table 2 , the percentages of firewood savings and CO 2 reductions are evaluated based on the procedure presented in Section 4.2.3. The evaluation assumes that solar energy will be the only source of energy for cooking and performing any other related household activity that consumes firewood. The results obtained are presented in Table 3 .
From 
Conclusions and Recommendations
Conclusions
This study has revealed that the solar energy resource is viable for use as an alternative energy source in rural households of Kenya. A Markov model has been found adequate in estimating sunny and cloudy spells in the country. Estimates of sunny and cloudy spells based on this model have therefore been provided for some locations in the high, moderate and low solar energy potential regions.
These estimates are crucial in any planning for solar energy utilisation in the country.
Substantial firewood savings and CO 2 reductions are envisaged. These trans- 
Recommendations
1) The knowledge on the stochastic behaviour of the solar energy resource as revealed in this study would be useful to government policy makers for purposes of planning for its effective and efficient tapping.
2) With regard to the relevant technologies, constructing systems using cheap and locally available materials and designs which may easily be maintained by even semi-skilled personnel will make the systems more attractive to the rural folk who currently are faced with a multitude of economic challenges.
3) A detailed evaluation of the implications of switching from traditional firewood to solar technology is required in rural households of Kenya. This is because fire also has a multipurpose lighting and social function. 4) A major issue which must be addressed with regard to solar technology is the relevancy of the technology to rural women. This is because practically everywhere, women, and not men, do the cooking and therefore, such technologies directly affect them. Consequently, a general requirement for all measures is that the technology contributes directly towards improving the situation of women in their roles as housewives/mothers and towards advancing their social self-determination.
